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Introductioft ; This memo describes the application of 
a fourier transform method to tie focusing problem. 3t 
is assumed that the reader has s^cf : e familiarity with 
various modes of fcurler transform. In particular^ use 
Dill be cede of certain similarities between the transform 
of a function of a continuous variable and that of a 
function of a discrete variable t since the discrete 
transforms usually have much more complicated analytic 
expressions yet have much the same behaviour. It will be 
seen that the function 3*J- (x)/x plays, the same role 
in the two-dimensional transform as Ein(x)/x does in the 
one-dimenslocal transform* It any be found tnat some of 
design has been spelled out in too much detail - if so 
forgive those of us who nave forgotten their optics and 
would like it spelled out* The ordering of topics may 
also be found to oe unusual - it is an attempt to '-rite 
it such that forward references were not required* This 
work is pert of the work done towards s .Masters Tnesis 
oh the application of fourier transfarms to image processing, 
and comments would be appreciated. Finally, no guarantee 
is given on the accuracy of the vidlesctor constants 
reported herein - when more accurate values become 
available they will be reported in the log-book(under the 
monitor). 




is not usually autOstiOted (unlike exposure title setting), 
It itaa thus of interest to show tti-'it it is ijamsitiy to 
focus an optical device automatically wito the ssnie rie- 
i-;ree of accuracy uchieved by a human watching the picture 
■on a grouni-^lass screen (or in our -ca&e the monitor)* 

The method described shows one of o number of applica¬ 
tions Of the fourier transform in processing. 

Another poal is distance measuring without utilizing a 
stereo effect- (thus avoiding the stereo natch problem). 

Variations on the i'ourier_ their.-? ; The standard fourier 
transform pair of u function of a continuous variable can 
be written as: 



This con be extended to functions of more than one dimen¬ 
sion j by allowing the transform to be a function of as 
many frequency-variables aa the original function is of 
space-variables* 
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This again nay- bo simply extended to wore than one dimen¬ 
sions* .In certain cases it is possible to calculate dis¬ 
crete fcurie j? transforms (DIT's) very rapidly by the ce- 
thod of fast fourier transferee (FIT) described in an ap¬ 
pendix. 


Note that the ])PT assumes a certain periodicity in the 
function? 

4 {(n + *) t) " 

£ ((- y os)) - 


ie« both the function and it? transform arc periodic 
functions of discrete variables* Another interpretation 
useful in certain cares is that one of tfta two represents 
samples* of a periodic frequency-limited function, the 
other- one then is discrete but nonzero only over an in- 
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the object generates a point on the image with intensity 
proportional to the source point* 'tfhan we insert a plane 
perpendicular to the optical axis between the image plane 
end the lens we cut each cone of Light (corresponding to 
an ittegs-poittt) ih a circle. The intensity in eccb such 
circle is again proportional to that of the corresponding 
source point* uniform across the circle and decreasing 
with the radius of the circle such that the total light 
is constant* The new image is thus the convolution of 
the in-focus image and a little pillbox fv^hose height is 
inversly proportional .to^its radius)* This effect is 
easier td describe in the frequency domain * since convo¬ 
lution in the space domain corresponds to multiplication 
in the frequency domain* In other words the frequency 
spectrum of the dafocusod image is that of the in-focus 
iroege multiplied by the frequency spectrum of the pill¬ 
box. This transform is found in an appendix to be Z *- 
/r«.» where f is the frequency (in radians 
per unit distance) in polar coordinates and S is the ra¬ 
dius of the pillbox* ( "3, 13 the Ee-sr-el- function of 
order 1). Also sticks in the appendix ic n cross leasts ion 
through this function {which is symmetrical about the 
origin)* 









I- will be seen th^t this 1'uncvion conLrnctn aa n increa¬ 
ses! {ie. the first joro cr&r-r- ir." approicihen the origin) 
and tin? effect of defocusing eon thus bo seen to be a i.v 
duct ion of high frequency components in n certain, roy «nd 
such, that lower end lower frequencies tire effected sn we 
defocus more and more (is* increasing '&). Toting the 
fourier transform thus gives us & function in which trie 
effect of defocusing is easy to interpret. Various func¬ 
tions of this transform can now bo used as functions to 
be maximised so ns to obtain bast focus ler.s posi¬ 

tion)* A description of such a method is not complete 
however without an analysis of noise t since it is trivial 
to focus in the absence of noise (for example by maxieii- 
Sins the difference between the light-intensity at two 
adjacent points on the retina corresponding to two points 
close together on a part of an object which has other 
then a uniform light intensity distribution)* Noise ap¬ 
pears in various ways in vidisector images, the most im¬ 
portant appearing in an obvious way in the intensity 
values returned, caused oy the statistical fluctuation in 
the number of photoelectrons generated at the arcs under 
consideration. The function of the fourier transform to 
bo used has to bo designed os a compromise between ernes 
relatively free from noise and one* with p narrow maximum 
(in the absence of noise it is trivially possible to nar¬ 
row the width of a maximum as much as one pleases by rai¬ 
sing the function to a high enough power)* 
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jiT-hijYoTB . 

Grinsi t ivj ty ; '.fa would like to know what error in iis- 
tance fiieafuyeir.ertt in incurred i>y two itinds of error; 


n) Limitations on detemining correct focus due to 
a combinntion of vidisoctor resolution limits 
and noise. 

b) Error in lens positioning* 


’Wa have a fixed object plane and a fixed ima^e plane. 


The lens is moved about, causing the true image to form 
somewhere behind or before the image plane. P'irst let us 
find the change in true image position due to a soall 
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reset we would like to know what change in image distance 
this corresponds to; 
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fi nett on : 


Focus tn =■ 


1 it f or-j con b5 i>ii.i ji■; 1,o fi n ac.■ v 1 y r i •, r 


nai fo nr re c t. y i t vv ill be ne c c n n * ry t o fl e ?■ c r 1 b o t h a fi ■ r 1 c- 
fc3 or* i*£ <*,$ in wore detail. This is done with some herd - 
t-incy sinca it in rather ad hoc, and many other Mroplc— 
winded procedures would have been natisfactory. T1 «q 


point is that the infornation ir> present in the fourter 
transform in a "convenient 1 form and the practical de¬ 
tails. of the particular function used might dobrnct from 
this foot. To get come idee of bow the r^irber of points 
used), their spacing, noise and resolution limits effect 
the accuracy one has to be specific however (and also 
maie sene drastic simplifyins assumptions in the arithme¬ 
tic). 


For each setting of lend position investigated, intensity 
values are read for K points spaced uniformly T ores apart 
along the circumference of a circle {the reason for 
choosing; a circle will te apparent loter)* tfe new per¬ 
form & one dimensional F?T on these points to obtain ]f 
frequency components (the reason for using the less 
powerful one-dtaenslonal approach will elso be discussed 
later), Next we fern the power spectrum by adding the 
square of tho imaginary part to the square of the real 
part &r each frequency. One now sums all components 
starting at some minimum frequency ^i 1 * 3 up to the centre 
frequency ^-i)uO „ The top half of the spectrum is not 
used since it is merely a reflection of the lower half 
tube transform of any real function has this’symmetry 
property), 

To obtain some independence of changes in overall level 
wo bovo to normalise the result* Divideby o cir.glo 
value (eg, the TC or sero-frequency compoaont) esusac 



relative noire in the result oJ 1 equal nigritude nc th o 
relative error in this single value and is therefore not 
advisable. .Empirically it vr.-m found that 'best 1 resuIts 
could be obtained by dividing by the gun of ell term ex¬ 
cept UK& PC termflerp 

T lie program now proceeds to carry out this operation for 
some ran&e of lons-settings, thus forrcirts a function P 
of lens-setting which has a noisy peak near optimum fo¬ 
cus * 

Signal to noise i'ati_o e The mo in noise contribution to 
the signal is coused by statistical fluctuation in the 
number of photosleebrone omitted by the photocathode* 

The video processor is so designed that the pesk-sijsnal 
to rpis-noiso ratio increase by a factor of 2 for each in- 
crease in the confidence level, by counting'4 times os 
many electrons* 

ji^nal (Peak) 

Confidence level Noise (Iv.ij) Photoslectrons 
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The vidio-processor is so built that this relative error 
is tha some for different levels of illumination, so that 
the absolute error in a low value will be sirs Her than 
that it a high value* It is convenient to assume however 
that the error in all points is the sane, ana equal to 
that in the point with the highest intensity* This quan¬ 
tise*: ion error has a roughly uniform distribution. Ad¬ 
ding many terms, as we do in forming the transform, gives 
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b F T C%) 

4 U. « 4 -. tFT ^ - SFTff) +- J> FT (*>) 



Each s fvi^i is the sum of K independent vectors each with 


variance r * N/P of these point in one of p directions, 
(where p depends on the cc-nmon factors of u and K). The 
sur.s in each of 'hose direerianE, have n,ean lero end e 
variance of pif , Ee-composing these variations &lca£ the 
real and imaginary axis we have; 



Real contributions 
Imaginary contribution 


She resultant vectors thus have zero ceean aad variance 


Since we divided by -TisP in farming the H-Pf we 


have to divide by 2i to pet the variance in each of the 
frequency components* The transform of such a noise sig¬ 
nal thus has the sane characteristics as the original 
noiso signal {io* zero mean and variance *r }, 

: A r e next have to consider the power spectrum; 





-1 


11 ca 

n be 

assume 

A t 

int the noire 

1- 

power rj 

; is eksiII com- 

pared 

to t 

lie sig 

hfi 1 

power 1 i I L and 

the crus 

s-tarnu This 

eras:" 

-term 

thus 

is 

the m&fn sour 

ce of noi 

se in the po-.-:r 

Srect 

rum j 

it has 

vs 

riance l-?! 1 *** 

^ . In 

forming the sum 

from 

N„ to 

< 5-0 

we 

find the rati 

o of oower of the value 

so formed 

to its 

noise is: 







ft- ^ K 

^-i 


r . w 

, 

Iff 

i 

rjff 

JZlIf 
' Jr ^. 

.g \. ^ 14 ' 

m 

VB Mj 

HI 1 ' 

iT 

r iff 

'u = ^, * 

"*^ .1 > * 

O r B 

I f M N 

It~ V r 

Sir = 

F- j > 

i F L x 


-|>S, 



Vjk« 1 

r* b 

t 

1 i r fc 

^ »• 

4 +k S. V"A-i L e i 

l mi A'L 4 



ftot*?: 1) The result is only approximate and merely pre¬ 
sented to give a clue as to what factors make for a good 
signal to noise ratio; the variation with N is particu¬ 
larly important. 

2) The form-factor P ( depends on tha irtege end is 
approximately one for an image having a more or less flat 
spectrum, and is inversely proportional to K, for one 
having 0 hyperbolic O/o) spectrum.' Kost images lie 
somewhere between these two extremes; on image with a lot 
of texture coming closer to the first fora, one with a 
single edge coming closer to the second, i - 1 describee 
how ’wobbly' \$\ is stove the minimum frequency Jd r uj „ 

The other form-factor describes how much of the sig¬ 
nal power is in the high-frequency part (above ) of 

the spectrum. It hes a similar variation as F*, , but 

is not as sensitive to- small changes in an image. 










3 ) It Is clear that oij 0 cNould try lor a hit'll si 
nal to noise ratio in the imof h e and besides vicing ir.h 
values of Un> confidence Level ono can help to achieve 
this by overngi ng light intend ties at each point over 
more than one reading* This was not found to be acces¬ 
sary (unlike such local operations ns homogeneity deter¬ 
mination where this is necessary to avoid missing small 
changes in level between regions differing only slightly 
in brightness). 

4 ) The last term in the product is in feet 5[ since 
the sum of squares in the transform is equal to the sum 
of squares in tee original function and since the trans¬ 
form is eyajtric. 


\ jjt- .%f t h a m ay 1 run*. in i to f o c. ■, i r. ii -i ■ ■: f; ..n r, !;• i o n . Let the 
width be the distance between two points on the curve nr. 
which the function reaches 1 /JT of its iniaacj.inum volne. If 


■C f>kT) is the intensity function when the true 
fulls on the image-plene* the Bes^ol-def owning 

function with F the radius of the circle? correspondinc 
to 8-fich in-focus ima&e point* V-'e have to find two values 
of E s,t; 


w/ l m 

T. 


V? Nlj 


t**i.*\ 


T(* m Ox ^ t =* t t ^ 



K*t) 





Sine# its such a pein to do arithmetic on the Incrmpatable 
Ti^e Shoring System (ITS) and since wo only need fipproxi- 
•mations„ wo only have estimates for E: 


3--^ _L ^ n . ■+ for a 'flat 1 spectrum 

%-sit . . JL + U hyperbolic epeotrur. 

For N, large i\- ^ = 1 u’’ ~ > 73 ~ 

In practice however we i:eep i r |, small sc as to give us high 
form-factors in the Signal to noise expression and we do 
not hove f flat p spectra* Empirically it is found that 
erne can achieve o width 1 to £ times the above ideal case* 
It is clear that the choice of 3 j is one place iwnere one 
can trade off signal to noise ratio versus width of the 
maximum* Clearly also the width depends on the relative 
high-frequency content of the intensity functions it is 
easier to focus on a line (two edges) than on a single 
and it is very easy to focus on say newoprint or 
coarsely textured material. It would seen at first sight 
that one could improve natters without limit by f. acraa- 
nin' T* Intuitively however wo 1 now that one cannot ex- 







-Im¬ 


pact to i"V much improvement once T 
re s :• 1 1 ;t i oa limit of tin? 1 nil’t r l." iont. 
concern ourselves with, this ft in 3 of 


] ?> rtttipll-flr l- tail the 
So we no cd next to 
limitation Ira tap vi- 


diteeter* 


T. if tort, i op; ? ill optical instruments hove certain limits— 
tion? (if only to preserve our belief that one cannot 
observe nature exactly - whatever that means)» Some of 
the distortions ere global in character (such as pin - 
cushion distortion and spherical distortion) and da not 
concern us here* ' Other distortions 'ire "ore easily des¬ 
cribed in terms of local effects (eg* diffraction)* These 
distortions act in a similar way to defectsing in that 
they take each point of the image and 'smudge* it over 
its- neighbours* Tho f-rud&ed ii-iegc then le thin true 
image convolved with Some function which is large only in 
a smell area near the origin. The shape of this little 
‘hill* depends o:i the distortion under discussion* for 
diffraction it is 2. * A&x) „ The scale factor E 

is (f/x) « ( >- wavelength of light* f-focal 

length of lens* a - diameter of lees)* By the well In own 
duality of transforms we can irr.ueuiu tly conclude that the 
effect of diffraction is tu multiply the inr-ige spectrum, 
by 6 pillbox of radius (i4x)£°V-0 - Diffraction thus 
has the effect of low-pa&s filtering the signal* The 
maximum frequency passed with ^"^WAsUd a numerical Bps?** 
tore of d is 2500 cycles/cra» The well known phenomena of 
resolution limits in telescopes and microscopes ore due 
tc exactly this. 

j* liir^er effect in our cr?oe is du^ to the vidisector* it 
onercten by allowing ohotoelactrcrts jros the psotocet "tooe 
to fail on o pinhole (approximate diameter O-CO? cm)* 




nr^a of the photo cathode from which these photo*l ect runs 


coT.fl . Tiic effect. in th ue seen to be identical to t hx\ o f 
de rocu sin^* In practice however various other effects 


COTfl . 


net in, causing electrons from the outside &rcn to ue 
counted and the lose of some of the electrons frrm inaJ.de 
this sres. In other words wo hove ’smudfred * the irri^e 
not by a pillbox but a smoother, larger 'hill 1 * The size 
and shape of this hill depend critically on the adjust¬ 
ment of the vidisector. To some idea of the effect 
this new 1 smudging 1 has, we will ssGumd that the ’hill 1 
has a gausslart shape, ie»: 



transforming we Ret; 



The rcdiuE of the ^aussier 'blob 1 bofore transfornation ( 
(out to where it'has 1 /JT of its raaxinua value) is .214 K 
the radius of the goussian 1 olob 1 in the frequency do¬ 
main if. , Experimentally it is fourth that the 



cut-off frequency drops considerably). This corresponds 
to a 'blob' width of 0-009 cm, which indicates that 


joints hove to t.e t 1 c 1 . t. 0*01!"' cm apart he renconvi— 
bl; r independent* 


A Knowledge of + B allows us to choose reasonable values 
for T. a he ninxiniuE frequency appearing in the trar.Rf :irc 
is = * It is apparent that there if- no point 

in making T so celsII that 4±, (or else tnacy of the 

high-frequency terns in the transform ^ill a invars he near 
zero), iimpiricelly ono fines j / 2 .t - 2-4$, satisfactory* 

( t ? , l *\ invL. ) A practical^ achievable width for the 

maximum in the focus iris curve is thus == |2ixT £ . oii t^ 1 ) 
(ie* *01 cms) + To find the corresponding allowed varia- 
tidn in the image plane position we h&ve to multiply by 
the numerical arpsrtuw r* being our sensitivity result 
we finally obtain; 


sA 





ra*u.^ft] = I'll K 
- * Ql 2. 
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Bt&tv o inaccuracy ; The main obstacle preventing, one from 
achieving such hi^h accuracy is the servo controlling the 
lens position* This servo operates in units of about 
0*005 CfflS* The error in positioning is node up of three 
components; 


a) Systematic error causing the Servo to settle 4 
units higher than requested** 

b) Bsclcle&b of about 2 units* 

c) Unpredictable variation of about 4 units in both 
‘ directions, Tuis is actually a time variation-. 




■ ie* the servo 1 o^ci Llotos 1 hy 1,1,is rnnount rib out 
the steady position .nt o very I o'* frequency 
(approximately 0*4 cycles per second) 

In addition ths lens holder c:m move the equivalent of 2 
units w*r*t. toe servo positioning mccheniGEfL by tilting* 
Errors *0 and b) con be accounted for* leaving us with a 
total error of about *03 cm in either direction, ( ,'nen 
badly adjusted the Servo taechenisa tan be much worse than 
this, es ir.uch as 20 units either way where observed when 
the coupling between 'motor ond cum was too stiff or too 
loose) This error now has to he multiplied by one of our 
sensitivity terms: 

Vx^-T^ 

which for x> IT is als.o about J 2_ 

^{distance range) ^ , o (. v ((4- - l) X - i) 

Tha servo error thus is dominant unless the rjumeriCel ar- 
parture is Ebre than about 6* (the cross-over point of 
which of the two errors is more important depends very 
much qn the adjustment of the two systems)* 





J^cticcl T -'oi blest The motion of the lens also cause g two 


side z- 1" ec-t: 


c} ' Choree in ir-a^ri 1'icet ion* 

b) Change in numerical aperture (ratio of\lcns to 
image plane distance) to diatetsr of iris) 

! i ! h$ chan-.? in amplification can be taken care of u.y referring 
fill coordinates to a stancarc. system I'i^ed w^r^t the lens* 

In tho program the distunes was arbitrarily chosen a-iual to 



The transformation of coordmates sicripLy multiplies distance 
from the Optical axis by f^/f , This introduces two new 
effects; 

a) Sor.e points of the imuge hi ay e-ova outside 
tne useful image arao of the vidisector os 
the lens is moved further away* 

b) The separation T, of points at which the image 
iotcasity is me be urea* increases as the lens 
irsov^e forward. This causes a decrease in 
sensitivity - unless T is chosen small enough 
so that accuracy will ba limited by rather 
than i/T* 


Changes in numerical aperture can oe corrected uy ooeretiay 
the iris servo — since it doesn't wori^ one bos to account 
fcr changes introduced by two effects: 

a) Image dintiiing« 

b) Change in uccbr&cy of the focusing, 


function. 












Ir.i;jr;j ri i “i" 1:i; 7 . ia not. u 
ore nor o 11 s -?d * It is h 
b ,ie. to ao/jiii’-i. the irtrs 
sector (ie* when the tiua- 


direct problem ro.be: the cnlcul" li-pr- 
o-.if>?i.‘r a nrrjchi col problem i*i r-r.c <j>•,-;• 
whcn the Icon is close to the vie- 
erica1 aperture is smallest, r. lvIjv 


the hi -rhefct light-intensity). Since intensity dopence on trio 


fi nuari of numerical aperture* qui 14 a ran,"o of i n tone 1ti0o i 
involved and sree significant areas iray bo ‘bifl-cut-of i* 
when the ler.s is in the fully extended position* 


vbe change in accuracy is due to the fact that. the befocusin 
circles ore smaller for smaller numerical apertures, Most 
of the above effects are of no concern when one hue & rough 
idea of where the Ions should be, end ere not ii-port ant 
problems normally, 


Another problem, possibly mo?s Of historic interest^ 
caused by occasional bad points. At 'fi'mss. an intensity 
’would be returned by the system in fi garbled forrr, - sea 
problem was highly irregular and most prevalent et high 
intensities* An individual bad point acts 11a pulse 
and thus adds very high values to the transform* resuiting 
in completly useless results for that particular setting 
of the focus servo* Smoothing the resulting focus function 
? was found to be quits useless end the disturbance re-.uirad 
a non-linear method for removal * It was found that moot of 
the bed spots in f could be located by comparing point? to 
the sue, of their immediate neighbours - if high the value 
at that point was replaced by tne average of its neighbours* 
Since the problem is now well hi-daen it woe never determined 
wether it ?jas caused by the video-processor or the time¬ 
sharing system(c^r ^i+W --,+ i+iVi £*c\j1iir 

i’he function i 1 presents o loiit place r.'herc one nay trade of-' 
signal to noice ratio against wi^L-h of the peak* fee trada- 
off achieved in designing the focusing function ap'Curs here 
in a somewhat garbled and highly variable condition y so it 
is.advisable to smooth i a bit. 



to 1 t no v;e difi to the one-dim^noi j ncal one) one con obtain 



required for the transform is still roughly the sane, hut. 
a much smaller area of the intake is used. The result is r . oa 
highly dependend on smal^ movements of the camera (the Comoro 
moves oround quite ;i hit c» the retired ricor .haen somebody 
whiles a few yards sway)* ;Uso of -cours-e^ one has to Know a tit 
more eccuretly where the area or feature is that oca wants to 


recue on* The alternative is to t;orJt witu s ler^e? area «J.tn 
s corresponding increase in tits. It was found e^erircentally 
that the two-dimensional transform allots one to measure the 
distances to very small dress of the image t provided these 
areas contained some detail (edge or texture of sore zinc) 
and the vidisector was supported to stanilise it w.r.t 
the oo^ect- The one-dimensional approach was used in the 
general— uee program since it is more ‘robust 1 . 

Choice of Curve in image plane ; The BIT 1 aarur.es a certain 
periodicity in the function to be transformed. Visa reading 
light-intensities this periodicity is not necessarily present 
and this causes certain problems. In offset one is introd¬ 
ucing a sharp edge (with its attendant tiigh-frsqusncy 
Components) et the Junction octween two cycles* 
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Vhis .-forks very '*ell ucspitc the fact that it is c’i J’f'i cult 
to interpret what is neurit by a fotrier trims'.‘urn ' lOrS.-.;, a 

curveA line r n e Pp>.i;l ih.vj twa'-dru*.* w $ j k^ J" w kiii, 

J E>lu * J) 


t:-.-' PROiH'i^T: 


Operation: Ths user cells the focusing function and ?:ives 
it two values representing t.ie ran^c of s*rvo positions 
over which the search is to tsite place. The pror-raa tnen 
evaluates the focusing function at about 15 uniformly 
spaced positions in this rappe* At each position tho li“:-.t 
intensities correspond lev to two into is ectir.fi" circles ore 
measured and used bj? the real and imaginary parts of a 
function to he transformed* (os is explained in the ap.nneiv* 
one can obtain the transform of t>.o r-ol functions ha 
cheaply as that of one). There ore 128 points on each circle. 
After taking the transform oho seperatin^ out the two 
transforms* the power spectra are formed by adtiu^ the 
square of the reel part to the square of the itto^lnary 
part* Now oil but about the first 5 eoepanecta =ire added 
and divided by the sum of oil out the DC component * i'ho 
value used, is the ^oqr.etrio mean uf the two values so formed* 


The set of values F, so obtained ia then 'clip^eo 1 to 
remove noise* smoothed and normalised to have a mir.iru- 


of aero and a 
onarch is to 
the function 


matficium of one. The new raa-'e ir, chief) the 
be continues ip then fount* oy findir." where 
exceeds a bout *6 « Tho uin^e is .actually r.suo 


slightly lar.’er Must in case’ (Noire nay have caused one 
to select 5 ranf’e not containing the mo^inum*) 





r i'r L i \\ ri-i -j; r o n e 3 r i. !i ■ 1 & a -a a «* iv i Ifljp. 1 0 r.ne firrt o -n ■ 3 7 c e; *, 
thnt f «jvy*r intervals a££ la-'-’fi , thi? pO'i!: ifi fib-irpcmc-:! ' .'. i 
{i i-.li fitly T ■'■■■': ;'- 1L%; 1 > v\'/ In*.’:-aa and in -id-ili i.c.ri 

the cut-off for f indJ,ra;- Uve peart ipjbge 1 r not rlighly h l■ ti■■. 
If recc'Sr.’Ciry 0 third l-.'vt..r-o in found .-and. fip-ircbcc with 
sireiliul.y ir.uda ficci paramotore- At each star-ie the ran -17 is 
checked to nee if it is Ian:- thon about fjQ, focus servo unite. 
(C*2 ca), If so the r.ldpoirjt le clioeon t the l“ns -o itiobcd 
and various useful volune printed (cuch ;-.e distance focused 
at , numerical aperture etc p ). The ?;hol* process ta^e? about 
dO to 30 <-eCori 6 ft* The lie;Ivin, 3 . factor is the serve settling 
time and a mere ^opbjsticoted search procedure should be 
able to operate such foster- 

The ar .s focused on is on she optical axis, unless the user 
chan.es this to a 30 itit of ir.ox 0 interest to birr.. J'v.-ictiuhc 
arc provided for relating coordinates to the standard 
coordinates and also for obtaining a print-ouv of inter r. i tv 
values is $ selected rectanvls oc the imfige, lest 

iteo alLsviates the one serious practical problem in us in;; 
the fodusin-x pro ram (end in fact in using the vibi-ovocor 
at alij uatuely finding -,v*iere the areas of interest lie. 

C alling tee pro'r-bgi i: The arithmetic part of the pro-ram 
is written in kilrAS are .as loaned together v;rvn, e 
relocstscie Ll£P t using £TI IL B This modified version of 
LI5? lias then dumped onto tape k£.i as a file nnved 
FOOLS SIWp The required LISP-functions are on the care 
tape 'as FOCUS TtSTT- The callihg Sc-lienee is: 

L : ount tape on tape r.. 

In DTT type ClEPiiJ, tnon 

pLFOGUS 21V UTn 1 

’’’heii l oad 0 d ^ t.vns LISFGO^ ;?G 

;,nswer Y to AL; 00 , and allocate 

25 blocks of core and 5000* Binary Program Space- 

I'tian type (UFOftp FOOUC TdET a.) 'ff 

Tbo LISP wi 11 print (V) when a 1 i 1.hc 1 unc 1 1 ons 
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h.nvc he :n ri'cd in, 

The vidco-^roces r or has to be on, the Multiplexor t 
1 >e in" eo^putar^-inuut/cePtr'Ltt- cp- output mode and the focus 
not or j?w j vph in the r GJf’VO pofli Lion { bg o jippenilixj * J-te 
focusinn function can be called by 

(KjCH Bl ) 

r;hsre FIX and E2 are the Units of the ru a^e to he 
investigated (in servo units3* The maximum ranges are: 

for the Id^mra lens 3QQ*. to 2H0G- 
for the S^JUTl leas JOG, to 1700* 

The program will print en*h new ran ye it is invest i gat ins; 
and a number of useful values when it has focused sueceerf 
If it is desired to Uisplej 1 s pert of the im&se oa a G£- 
ccmsole „ - . -l. 


(LOOK XLOfl 1UP YLOy YD?) 

■</}hare (jILO.;, YJlO . ! 0 is the lower left-hand corner, ( 3 KP,YUP) 

the up yer right-hand corner of the rectongLe oi 

Interest* The intensity.values displayed are Multiplied by 

& scale-factor ISCL S which can be modified to bria^ the 

authors into 3 convenient rsnyo* The coordinates are For 

*= SOQCiji Once the coordinates of an area of interest 
d 

hove seen determined, one cad scale them to tne 
reference plans by executing. 

CSCAI^KariT^ X{XRL >:))(£U-:l; YUSL y)) 

v;here yond y are tho centre of the area one would line 
to focus on. 


ny. 


0 &■ i i, : 




I 1 - 1 :.v i i-iy- ; fho UT'u T.'.™ 

nan svnr- -found l-o pei-fom 
obsevvin- &, : 'i!? ronitor i-er 
on the r- ere on in ir.oruvcd 
In a dd it ion a c 07 par i c on 


c ft"i.a it r► i 0 t : 1 •■!orc Lcol <s:.r> 
ns -el i ns a r.u-iiin oy?rriLo:' 
eon ( 0 tho worn ivulcy ' i n : 1 

r-9~'Oiyhnl by avarn^iw ir tho aye) 
waa rode tilth two • et.joln of 3 - fi i 


o ot i un f 0 cu r. u s ed p ru viou.O l.v - 


1 ) ;yAuiLS: The special case that i\ ^ = C in of 

intspoftt smcc the suci 01" r. mron of the firm?'form i c encil 

to ths tUni of fitqiinPflS of the function. '’fe can aspect 'ton 
that the son of oqurtres of the intensity function -jlro 
shows a maximum aear best focus. -Jo also know that it 
will be ntch 'wider 1 than the one that n c i-een achieved 
by throwing, out the low frequency coiv-onsate. Snail 
□o, : stitnts of the camera nlsu nave a iar.^e effect on thin 
swesufe because of the lax -.c resultant change m f ie low 
frequency cotiocjveats * Also it is not easy to r.oi'inaLiso 
the result (in fact we aiviced uy this number to normalise* 
ilLustretihfi our iNith in just ho^ flat a it has i) 

All of those problems, v.ere bom out in practice^ the last 
one being most serious, often the function would indeed iav 
3 hill, but it was difficult to find because of the 
sloping ground it stood on. 


2 3 3 UJ..-OF-S i'JAHf£ 5 - 0 ?-JjI.ISC££ : 


■inis function (su-q 'oeted 


by J.L.'.Vhito) is also easily analysed in taro.fc of 

frequency enectra* 'Dif I'oronti^tia.s r in the wiscrete cere 
it equivalent to to It i plying the transfer::. l.; I ) 

. 'That is de~e^phasisiriii lo-.-MQ uiencies and o:-fn.uoir.ir,~ 
high fre quencias» The first of toeso two effects is shared 
with our r.etitod , tie second dives toe hint as to why tni;= 
function is inferior* 'i-hti hic'-h freeuencias consist lor el" 0 
noise {unless T *ds r.och lar-er xhon tie resolution lit it, 
which c- rt ■■£ havo lost sensitivity) nod tuo fin ti.o teen 


is excessively noisy- Thin ooisynes -.vas 
J+I.hhite. and slno us is * this srjrrut in 

J 


Cot.fi ;“r r ; 0 ;i L.y 
O E.Od if ifd fort* 



h'. 


-O 

mu lyrical "■ j i 

1 .y G L i 0 L* 

H 

u -j t 

, -tn i 

:-'.t ciifJ ;r i i. 

i; . ii.- 

I-. !.-> 

r . l 

ofUi’ii^te of 

; 4 * .■+ (t , 3 ■ T_ V 

! 

. / : h • ' 

1 1y iZ 1 1 ji L e . a .r 

T* nr - p, rs>"' C 


ViC I 

”-it i n y ■'S'- CO 

15 T ■*d- L -! ■ r I 

! “ 

init) 

MCCOint. 

IV-ore T h-nri ,1: 

/it :. h'. 

two 

no in tft, i.n 

bruit* ,, 3.7 

he 

w rL; ] i 

tin lea; 

sensitive t 

0 NIC: 

HI t 

■jrjph.1 ce a is 

u or ■ i u'^r-r-. 

on 

r-j pin 

enru! '.cr 

oi the Ccfi 

V r j t i V ■:; . 


K« nfty i r . fact deeifja a matched riiffereoti^fcioift i'ilt^ir Lo 


rr.ive him the desired trade-off between tr,er:e two features 
in the best possible way for the particular class of functions 
and the pnrticulnr noise iie has to pot op with. tfucb a 
differentiation ftportutiniatar is t.-oro easily understood in 
terns of tnft frequency don;Bin. On3 has to dcfiiyn a function 
whose transfers notches, as close ly nft cos iblo (w u - C) over 
the range where the siyrtsl haft hitlh components, yet made it 
snail whisreavGr the noise haft hiirn components {taints ore 
not just dona by aiming over the thumb* there is a respectable 
theory to this). Typically the function will ce s close 
EpproTTimBtion to C^ w - at low fn-Muencies and fall off 
at higher frequencies* Uftiny this kind of different lotion 
would probably oe the one way of improving on the focusing 
function presented in this neno. It will be seen that the 
rapid i\sy of using this function would a tola bo do first find 
pne transform* then apply the transfers; of the matched 
differentiation function* square ana sun. 



The above discussion snouln have node it clear that the fourier 
transform; i£ a tool, rather than an enc in itself, ft is 
very useful in thin - in-t acpst certain aspects of i a a ye a t such 
bs uifttort ions of various kinds. 









■ or 'i cut:; ical oJ *■, t;y ic-..). i.-rti -,-ii i 

Ovnitio.l v;;l-3fi in J'sciif; .hrtrft to be {■>* :**■»„ 

2. 10 
± 15 

ia 1 ^"Ft* cut oi' 'Sitter vitllu-jctor or porvo can c-joco rarr.tK 

to bo as [ii.i as 40, Tac rclntive accuracy is thust 

do- ^0 K (f4-^- ^ 


fucurbi ■ gn nov-sivraCL 
roeucin" or. o i-in^ic c«i r ;o 


TV -1 . ■ n - 1 -■, I- J 

tY* li-nsfr 


eg. (d/f)*6 cm 

5h.e aosoluts accuracy ia not &o ^ocd since similar errors 
are encountered in calibration. 
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Yidisectors: 


Old functions ; (for the old vidisector only) 

The two arguments to these functions specify the 
location of the point whose intensity is to he read* 
they range from 0 to 177?£. 

(VIDI I T) return? value from 0 to 400,,.t proportional 
to inverse of intensity, 

(VIDLIH X Y) returns value from 0 to 400 f , ♦ proportional 
to intensity, 

(V1DL0G X Y) returns value from 0 to 4C0g, proportional 
to log of intensity. 


New functions : (these use the video-processor and apply 

to both the old vidiseotqr(TY^) and the new vidi- 
seetorCl’VC)) 

Before using the new functions one has to initialise 
the system by calling NVS5T- MV33T can be called 
again if required to change parameters* 

(NV3ET FIL CONF HE3 Dll: XYZ) 


FIL 

C-7 

Filter selection, any combination 
of the three filters can be select 
by the appropriate bit combinat¬ 
ions, (not operative as yet). 

GONE 

0-5 

Signal to noise ratio* 5 gives 
highest ratio* but takes longest 
per point* 

RES 

to 4OO0O fl number of lines in, raster 
e (usually 1000 a *o 4000 8 ) 

HIM 

0-7 

Iiiia^out-off * 0 is mast patient ie* 
darkest cut-off* 

XY2 

0 

1*2,3 

indicates new vidisector, 
indicates old vldisector* 


The two arguments to the following functions sgoin 
indicate the location of the point whose intensity 
is to be read* they range from Q to lES-J , 







CMVFIX X T) returns a Value proportional to the log of 
of intensity* the va3ues rqnge from x to 51777 ^, 

77 0 0 

where :x is 277 when COHF is 1 
477 2 

677 3 

(NVID X T) returns a value proportional to the inverse 
of intensity \ the values range from * 1.0 to y* 

16000,0 0 

where y is « 4000,0 when CONF is 1 
te 1000,0 2 

*2^0.0 3 

Pots : 1, N'VII> is the only function that returns floating 
point values. 

2, For points that are not cut off fey dim-cut-off 
the values returned are independent of COUP, 


SfflTCHSS : Old vidisector; 

1 , Small switch on the back of the camera selects signal 
to noise latio; usually set in up(high S/N) position. 

2 . Second small switch on the back of the camera t below 
1 , selects Old or new interface^ set according to 
whether one is usirg the old or the new functions. 

5 . On the trolley on which the old vidisector is mounted^ 
is a large black power switch that controls power to 
the receptacles into which the two sunguns are usually 
plugged, 

4. Above it is a smaller power switch for the cainera 
itself. 

On the other aide of the trolley is a switch selecting 
the origin of the deflection signals, either the 
J40 display or tbs Video-processor (set according to 
whether one Is using the old or the new functions, 

Dotes To set up the old vidisector it is convenient to 
set switches 2 . A 5 * as though one was using the new 
functions (even if one ie going to use the bid ones), 
so as to connect it to the video-processor and allow 
display on the monitor. They then 

have to be reset to their correct positions before 
c omne nc i ng re a d - i n, 
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X* 

2 . 

5 * 


4 . 


5 - 


6 * 


New vidiEector: 

On the fight of the main panel of the video-processor 
is the power switch* 

To the 1 ftft is the LIH/LOG switch set according to 
whether one is using HV3D or NVFBT (although only low 
order bits are affected if it is set incorrectly) 

The left-most of the row of small switches controls 
the choice of vidisector connected to the processor; 
up for the new camera a down for the old. 

Not far to the right- are three small switches which 
select wet-ier the monitor display is controlled by 
three pots mounted approximately below frbera(Switches 
in up position) or by three remote helipots (presently 
mounted lower down on the processor). 

Between 2* & 3. is another Small switch which controls 
the defledtion of the monitor; in the up position the 
monitor behaves normal, ie* when the magnification pot 
is turned left so as to display a small area* the 
deflection is increased so as to always fill the 
monitor screen* .'Then in the down position, the monitor 
is deflected Id step with the vidisector. 

Small switch on extreme right has to be set in out 
position or you loose. 


Pot e ntiorneters ; 

1. Mentioned, in 4. shove are three pots just to the 

right of the meters on the main panel, which control 
th* position of the area which the monitor is display¬ 
ing and its Siz*. 

£. gfear the power switch (1. above) is the contrast 
control for the raonltorCmarked video-gain), usually 
turned all the way right. 

3 *. Counted low down is the hellpot controlling monitor 
focus - do not adjust unless necessary - recommended 
setting Is marked down near it* 

4* Gain controls on the tv»channels of the monitor have 
Standard positions, the Left one(y-deflection) should 
be turned right when using the monitor as a focusing 
aid(by switching a marked switch behind it into the 
focus position).Whan used in this way the vertical 
deflection is proportional to intensity end using 
the three pots in 1* to select a small ares of the 
scene, o*e can adjust th* focus so as to give as sharp 
as possible a rise on some edge. 




5* The two raster-rate potentiooeters may b* Set to 
give -3 flicker free and line free display, but do 
not affect the operation in any other way* 

6 , The two helipots narked 'Manual reference'' and 
“Reference gain' control two hardware parameters 
normally of little interest to the user and are 
usually left In a more or less optimal setting. 

If somebody has adjusted them end one has no 
reason to set them to some specific valise, settings 
of 600 for both seen to be reasonable* 

Pushbuttons and Meters . 

1 , 5 meters display various values which vary with the 
illumination* The video processor trips out the camera 
if any of them reach's 100 deflection* The right¬ 
most one is usually observed when setting the iris. 
Starting with the iris closed, it is opened slowly 
until thie meter shows between 10 1 5-0* Above 50 
Small changes are likely to trip cut the camera, below 
10 one has to start worrying about dark-cut-off's* 

2 . tfhen the camera has tripped out, the inode-warn push¬ 
button lights up* After reducing the light (or closing 
the iris) it can be reset by pressing it* 

5* The High-voltage may be off under other conditions 
than such a trip, and it may then be reset by 
pressing the digh-voltage button* 

A* The Easter pushbutton selects manual control of the 
rsBtertwhite light) - allowing the use of the 
potentiometers mentioned In 1* bbove* In the red 
state the processor is ready for the FDF-6 to request 
inputi while busy the pushbutton is not lighted and 
the monitor displays the position and intensity of 
the point requested by the CHJ. When apt busy for 
more than about a second, the video processor i?ocs 
into an automatic rafeter state. 

Note: For more details, cur-ent problems and cures, consult 
the log-book under the monitor-scope * 

Optics : 

Old Vidisector: 55mm fl«£ lens, raster is *001 inch* 

Resolution is approximaily *00£ inch. 

El stance settings on the lens are not 
to ue trusted,-rather use the monitor 
as an aid in focusing- 
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New Vidisector;: l&4fflin f3-2 lens* raster is *003 itch 

when Rift is SOOOg* Resolution is 
approxiaatly *0C ,J 6 inch* Some drum 

distortion is evident and. not al3 of 
the surface is available {ie* sooe is 
blocked off}* The ares of the imsse is 
fi circle placed not "mite centrally 
with a radius of$ 50 °^, *hen R2& is 2000^- 

alsoi 25%m f5 ler.s. 


AFPjjjQIX 2; 


Analog llulti plexo r: 


The analog multiplexor allows one to read settings of 
potentiometars and to cause servo-con.trolled motors Lo 
operate* In LISP 0:* first has to open the multiplexor by 
executing: 

UiPX T) 

Wore thoo one person can have the mo tiplexor open at the 
same time* It can be closed by executing: 

(MFX NIL) 

To read a value from channel fit 
(IME n) 


To cause the servo controlled motor n to aseW position x: 

(OMPK n x) 

n ranges from C to 235 ; X and the values returned by iK-PX 
are usually some subrange of 0 to 7777 fs* Be sure to 
the limits of the servo you are controlling* 


Switches - these are on the multiple*or gad the positions 
for computer operation or 1 :' underlined. 

1* Computer nut put/test 
£* Computer ipou t/clook 

When not in use> these switches should be in the un-uhder- 
lined position. Certain servos are slaved to certain pots 
in this position- This for example allows fine sett U's 


he f ocue 

servo* 

Channe 

Is of interest to the vidisectcr 


Ewrvo] 

Eead-in 

SLsved to 

Iris 


55 e 

r i 32& 

Focus 

5>8 

5^8 

133 e 


Thus in the test - clock position one nay adjust focus 
py using potentiometer 132^* In the computer input - 
computer output position 0 one con cause the servo to 
go to a certain, position by executing: 

(OtfFX 33 3000,} 

Control is returned inmdiatly to the user program and it 
is Ms responsibility to check on the servo's position by 
executing: ?4) 

Esther than loop on this test it is fair to other users to 
use the function: 

(SL’iSUF n) 










which returns control to tbs program after n/ 30 . seconds, 

p should be about 10 * plus(units to travel / 25 * ) 

Both Iris and focus motors can be operated manually 
and the switches which select manual or servoed(ie* computer 
output or slaved) are in a small box near the vidisector. 
These switches have a third position ( straight cut) 
which i 3 the one they should be left in when not being 
used* Above these are the two switches for manually 
operating the motors* 


VarLous_usef u 1 ( J Q constants; : 

Distance from front of main body of vidisector to surface 
of vidisector; 93 ™ 

Distance of equivalent lens of l£4miti focal lens from 
vidisector: 

306 1 - 0.0^59 * CS34 in m'v 

330 . - 0.0459 * CH34 (for the 2$4 m lens) 

Diameter of" iris: 

0,0532 ' CT33 - 73, ±n mV 3 

where CH34- & CR33 are the values returned by analog 
channels 3^ a & 33^ respectivly, 

The limits cn the servos are; 

Focus; 2^0, (ail the way out) to 2-SfeO* 

Irie : 1500, ('closed 1 ) to 2300* 

The servos can be expected to settle within 10, (better 
near centre of range - more like 5 *) of the value requested, 

problems : 1. Iris servo inoperative, 

2, For soma unknown reason servos may std-enly 
depart from their position * hunt around for 
'. .a second or two and return to their "posit! on. ■ 
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